Background: Preclinical models have suggested a role for sex hormones in the development of glioblastoma multiforme (GBM). However, the impact of gender on the survival time of patients with GBM has not been fully understood. The objective of the present study was to clarify the association between gender and survival of patients with GBM by analyzing population-based data. Methods: We searched the Surveillance, Epidemiology, and End-Results database who were diagnosed with GBM between 2000 and 2008 and were treated with surgery. Five-year cancer specific survival data were obtained. Kaplan-Meier methods and multivariable Cox regression models were used to analyze long-term survival outcomes and risk factors. Results: A total of 6586 patients were identified; 61.5% were men and 38.5% were women. The 5-year cancer-specific survival (CSS) rates in the male and female groups were 6.8% and 8.3%, respectively (P=0.002 by univariate and P<0.001 by multivariate analysis). A stratified analysis showed that male patients always had the lowest CSS rate across localized cancer stage and different age subgroups. Conclusions: Gender has prognostic value for determining GBM risk. The role of sex hormones in the development of GBM warrants further investigation.
Background
Glioblastoma, also known as glioblastoma multiforme (GBM), is the most common primary brain tumor, with aggressive clinical manifestation [1] . The incidence rate of central nervous system tumors was reported to be 6.7 per 100,000 persons in 2000 [2] . Some researchers have demonstrated an increase in the incidence of brain tumors, which was partly result of the developments in diagnosis and changes in the classification system [3] . Despite radiotherapy plus temozolomide (TMZ) provided 2-and 5-year survival rates of 27 and 10%, median survival in GBM is generally less than 1 year, and even the patients with favorable situations, the survival month is still less than 2 years [4] [5] [6] [7] . Except for Turcot's syndrome and Li-Fraumeni syndrome, most GBM patients originate in a sporadic fashion without any known predisposing factors [8] . Therefore, little is known about the risk factors for brain tumors [9] . A better understanding of the distribution of GBM may provide indications of etiologic factors and contribute to the search for improved therapies.
Gender-related discrepancies in the incidence and survival of hepatocellular carcinoma [10] , colorectal [11] , and gastric cancers [12] have previously been reported. Above results support the protective role of estrogen in these malignancies. However, the protective role in GBM has not been investigated in a large population. To further clarify the issue of gender on GBM prognosis, Surveillance, Epidemiology, and End Results (SEER) population-based data were analyzed in our study. Only patients who underwent surgical treatment and who were between 18 and 70 years old at the time of diagnosis were included. Patients were excluded if they had incomplete staging, distant metastasis, or lacked an evaluation of histological type or follow-up. Age, sex, race, histological type, stage, tumor grade and size, and cancer-specific survival (CSS) were assessed. Adjuvant chemotherapy was not evaluated, since the SEER registry does not have this information. Tumor-node-metastasis classification was restaged according to criteria described in the American Joint Committee on Cancer Staging Manual (7th edition, 2010). The primary endpoint of the present study was CSS, which was calculated from the date of diagnosis to the date of cancer-related death. Deaths attributable to cancer were treated as events and deaths from other causes were treated as censored observations.
Ethics statement
The present study was based on public data from the SEER database, and permission was obtained to access the files (reference no. 12578-Nov2013). The analysis did not involve interaction with human subjects or use personal identifying information. The study did not require informed consent and was approved by the Review Board of Nanjing Medical University (Nanjing, China). Patient records/information was anonymized and de-identified prior to analysis, and the methods were carried out in accordance with the approved guidelines.
Statistical analysis
The association between gender (male or female) and clinicopathological parameters was analyzed by the χ 2 test. Continuous variables were analyzed using the Student's t test. Survival curves were generated based on Kaplan-Meier estimates, and differences between the curves were analyzed by the log-rank test. Multivariate Cox regression models were generated with hazard ratio (HR) and 95% confidence interval (CI) to analyze risk factors for survival. Statistical analyses were performed using SPSS version 17 for Windows (SPSS Inc., Chicago, IL, U.S.A.). Results were considered statistically significant for a two-tailed P value < 0.05.
Availability of data and materials
The datasets generated and/or analyzed during the present study are available in the SEER dataset repository. https: //seer.cancer.gov/.
Results

Patient characteristics
We identified 6586 eligible patients with GBM in the SEER database during the 8-year study period (between 2000 and 2008). A total of 4049 (61.5%) were men, and 2537 (38.5%) were women. The median follow-up period was 17 months. The median follow-up period was 17 months in the male group and 19 months in the female group. Patient demographics and pathologic features are summarized in Table 1 .
Clinicopathological differences between the groups
As illustrated in Table 1 , there were significant differences observed between the two groups, including race (more frequent in Caucasian, 82.4%; P<0.001) and tumor size (more 3-5 cm, 37.9%; P=0.015). Whereas, no differences were observed in years of diagnosis, age, primary site, pathological grading, and stage between the two groups.
Impact of gender on survival outcomes
The univariate log-rank test showed that the 1-, 3-and 5-year CSS were 45.9%, 11.4% and 6.8% in male group, 47.9%, 14.3% and 8.3% in female group (P=0.002) (Figure 1) . Moreover, an early year of diagnosis (2000-2004), age more than 60 years, African American race, brain stem tumor, poor/undifferentiated tumor grade (P=0.014), higher stage, and larger tumor size (P<0.001) were regarded as significant risk factors by univariate analysis (Table 2) . Multivariate analysis with Cox regression was performed, and the following seven factors were found to be independent prognostic factors ( 
Stratified analysis of gender effect on CSS rates
We then further analyzed the effect of gender on CSS rates in each stage (Figure 1) . The univariate analysis of gender on CSS showed that female had increased 1-, 3-, and 5-year CSS in localized stage (P<0.001), but not in regional (P=0.619) and distant stage (P=0.259). And gender was validated as an independent predictor of survival in multivariate Cox regression in the localized stages (P<0.001) (Figure 1 ) ( Table 4) . Furthermore, we made further stratified analysis of survival rates and hazard by age (Figure 2 ). Male always had the lowest CSS rate in 41-60 years and >60 years group, which were consistent with above results (Table 5) .
Discussion
GBM accounts for 17% of intracranial tumors and be considered as the most common brain tumor in adults [13] . Despite surgical resection followed by adjuvant radiotherapy and chemotherapy has been applied, prognosis remains poor and long-term survival is rare [14] . Thus, further understanding and improvements in GBM prognosis may affect the choice of salvage therapy and follow-up strategies. The higher percentage of GBM in men compared with women has been reported in some literature, with a mean male/female ratio ranging from 1.0 to 1.9 [15] [16] [17] . However, to the best of our knowledge, there is limited information regarding the impact of sex on survival in patients with GBM. Our study revealed a correlation between female sex and improved CSS and OS in patients with GBM. This survival discrepancy still existed after stratified analysis. Interestingly, female patients have an equivalent percentage in poor/undifferentiation grade (40.0% versus 40.5%) and more than 3 cm tumor size (63.8% versus 62.4%) when compared with male patients. In addition, even after adjusting confounding factors, gender remained to serve as an independent prognostic predictor.
Sex disparities in cancer mortality arise from the sex differences have been analyzed widely. However, the evidence regarding the influence of reproductive factors and hormones on GBM has not been well verified. Epidemiological studies provided very limited evidence regarding the impact of sex on survival in patients with GBM [18] [19] [20] [21] . Some studies have reported that female have longer survival than male [22, 23] . Barone et al. [24] demonstrated that estrogen increased survival in an orthotopic model of glioblastoma, and estradiol-based study may be beneficial in treating GBM. Li et al. [25] observed high frequency of estrogen receptor methylation GBMs, indicating that estrogen protect patients from GBM. Moreover, Yu et al. [26] found that androgen receptor signaling could promote tumorigenesis of GBM in adult men by inhibiting TGF-β (transforming growth factor β) receptor signaling. The findings of our study suggest that estrogen may protect against GBM genesis and promote a more favorable biology once GBM develops. Univariate analysis showed that female had a better 1-, 3-, and 5-year CSS compared with male patients, but this failed to reach statistical significance in multivariable Cox regression models of regional and distant stages. A total of 4049 male GBM patients and 2537 females were included in our study, the largest sample size up to now. Due to the protective role of estrogen in the female groups, these patients exhibited better survival. The survival disadvantage in women aged more than 60 years may reflect the lasting effect of estrogen on the biology of GBM. In addition to the impact of sex on survival, we explored potential interactions between sex and age. Male patients were at an increased risk of cancer mortality in contrast with female patients with different age subgroups after adjusted for confounding factors. When comparing with male patients, female patients always had the worse CSS in regional and distant subgroups.
Although the present study is based on a large population, there are still limitations. First, its retrospective nature may affect the analysis. Second, several important pieces of information regarding GBM predisposing factors were not included in the SEER database. Moreover, current classification of tumors of the CNS does not include the term glioblastoma multiforme, thus we cannot adjust the nomenclature according to the newest criteria. Besides, information on menopausal status or use of hormone therapy was not included in the SEER database, thus limit our ability to reach definitive conclusions in this regard. Despite these limitations, our large population-based study may render our conclusions more convincing.
Conclusions
The results of the present study demonstrate that sex influences survival among patients with GBM. Compared with male patients, female patients with GBM have a higher CSS after surgery. Future studies are warranted to validate these confounding factors and present unique opportunities for novel therapeutics.
